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ABSTRACT 



S* liquid ^^^^^^7%^^^^= C 7 " 81 ^- ^ 

that chlorogenic (5031%). game V L Twine 15 days storage 

caffcic (0.21%) adds were the ^ M .gP^SI ««£wL After 
rfthe fnseze-diied extract, no ^if^""* KSSte the 
f days storage at 63°C, ^ "L^^y^^TcBHA) (200 
frecze-dried extract (200 JHnd^7 meq kg" 1 re- 

ppm) reached pemxide ^^^^^L tte^st antioxidant (PV= 
&£k ^VctSSTct was as good as BHA. 
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INTRODUCTION * 

additives and then safety- . , ^ from plant materials 

Some components * "^Jr^™ effective antioxi- 
have been proven in model systems, to oe Havase 
a^te^Ktic antioxidants ^^J.^^p^^ 
and Kato, 1984; Fukuda et ±JS*££*%$ PotaTpeel 
Hudson, 1990; Papadopo^os a^d Boskou^ ^ chloro- 
contains phenolic acids. The largest P°™°r o ^ rt^AC! caffeic 
gnic acia-(CGA). Other P^^jgg ^£!3*2E* 
acid (GFA), and V«^^^^S^m- TnVpc*- 
peel in low amounts (Lisnska ana l f s ^.^~*% a source for 
Lffity exists for utilfetog-a. ^^^^y^Sing 
a useful product for the food "JgJ^E^TO objective^ 
phenolic compounds have f^° d ^JSStato ped waste, 
Was to evaluate a &eeze^edjater «^°*P^ antioxidant 
for its stability during storage and to compare us «• 
f^ty SthSommerdally Mailable anuoadants. 

MATERIALS & METHODS 

ical Company (Pittsburgh, PA). ^ l ^fT^lT^, purchased from 
tessium iodide (KT). and gtoaal acebc ^^rK^GAQ CFA, 
Baxter SAc^V^r^^^^^^^f^sie^ 
BHA and 1-ascorbic aad-6-r>ataitate, i/vs^) wrat ' v 
Chemical Company (St Louis, MO). 



OH Company (W«* Fargc 
analyzed. 

HPLC analysis _ 

Tte HPLC tostnunent included a 501HPLC ' P™g^^ff 
Up^^ord, MA), an ^^^^£^^^^5 
S (3 mm U. X B^) contanun e with 313 ,nm 

cm uBondapakQj" «tamn.a J^l^^ (Mudford, MA> Tte 
filter, and a Data Module •*^^STwWv). was delivered isocrat- 
mobile phase WaterJA«OH^C(64 ; 35.1 W was ^plicate, 

Sally at 1 rnlVmin., and ^^^T^^akc and CFA 
solutions containing ^^J^^^Srio^ were prepared, 
were injected into the H ^£S^ x ^ D ^f P otato peel waste freeze- 
A10UL S HPLC (P^Jrigue* de 

dried extract (EXT) ^^'^ateW ia^tified by co-«nigration with 
Sotfflo et at, 1994). Major peaas were »»»»» 
p^niie »eid st a ndar ds. 



Preparation of freeze-dried extract 

~* _~»ot„ n«J waste were extracted usnig the 
Triplicate 5-g samples of P^^XlS^and 10 uL of super- 
^ xnethod ^^^^pSc^d^ntent. ^remaining 
natant were analyzed by OTLCtox pn™« OTernig ht, and immediately 
filtrates were kept m a freeze^ at f 3 days in a Dura-Dry 
freeze dried at 70 mtorr vacuum and ^h™^ ^pies were re- 
Freeze-dryer (FTS Systems, toe. J^^* .norland pestle, 
moved from to ^eeze d^; and were f^^as reconstituted in 10 
Prom each freeze-dned sample, » ^J»£dbv HPLC for phenolic aod. 

water, and a Wl^atootwas^yxe^y^^P^ . ^ 
Major peaks were iden^^ ^tmn^ffipme^^ &e ez C -dned 
^"^^ffie^Sp^^dTa^ temperature 
samples were stored ugnuy c ^f^^K~\ po 
(~ZJ<>C) until tested as an antioxidant in SFO. 



Potato peel waste and sunflower crude ofl 

Potato peel waste was ^^^S^dt^JK 
Forks, ND), and samples ^P£*T£ 23snX»er seed crude 
Rodriguez de Solute et ^^^"coa^erstom CargOl Seed 
a (SFO) samples were obtamed m A i conBuaw» ^ 



StabnUTofl^t.^wasUl^Ud^ 

water reflux method (R^^^^g^ion, iid refluxinE pe- 
tions in the solvent v °^ a ^_^Jr 7 ^7^'2 uays, and treeze^ned as 
nod. The filtrate was LJtrfSod, mixed with 10 mL water 

toe* 64 ^ W f-^^J^S and 10 uL were _ analyzed 
using a Vortex-Genie 2 Mjw. W ^^fieeze-dried sample was di- 
^pUnolic acid by HPLC The ^"T^^^^ stored at am- 
videdfato two 5-g auquots and Ikept to^asUc v^, ta 15 days, 
Ka*i~73°C) temperature, and tether at 4^ for 4 

oSffrom each ^^"^.^^ SuSas^ analyzed by 
tain, and 10 uL ahouots of reconsuuiw" ~» 
HPLC for phenolic adds. 

Evaluation of antioxidant aetWty 

To ceternuneantioxidanta^^^ 
fbnowinejOTnpomds were raepareo m *J 1 ^S n 0 f phenolic acids 
S^^^^L^oS^ fflluuon (50 g) were 
identified in the extract Tj^^^^a ^vek thermostatically con- 
incubated in a Bine M Stable-Thenn 1 °^^^^ 0 ^aTvalues of 
SSdaTurC. for 4 days. Aatioadant «^sand fgg^^rf. 
^Sd antioxidants in the ^store,^ I ofl oils' and 
SaOAC (1990) method No.965J3toP^e ^ 
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DAYS 

fig. 1 — Effect of antioxidants at 200 ppm on the stability of sun- 
flower seed crude oil stored at 63°C. Samples: without antloxi- 
dant=BLK; containing: gallic acid « GAC, synthetic mixture of 
phenolic acids** MXT, chlorogenlc acid « CGA, potato peel freeze- 
dried exrract*=EXT, butylated hydroxyanlsole«BHA, and L-ascor- 
bic 8cid-6-pa1mftate= ASC 



30 mL water, and, after addition of OS mL of a KI saturated solution, 
titrated with 0.1N Na^Oj using OS mL of 1% starch solution as indi- 
cator. 



Statistical analyses 

The general linear model (GLM) program for analysis of variance and 
regression estimation of the Statistical Analysis Systems (SAS Institute, 
Ino, 1985) were used to analyze data. 

RESULTS & DISCUSSION 
Phenolic acids in the extract 

Prior to freeze-drying, the concentration of the phenolic acids 
identified in the potato peel waste liquid extract in mg/g of po- 
tato peel waste was: CGA= 030, GAC= 0.13, PCA- 0.04, 
and CFA= 0.01. The concentrations of the phenolic acids CGA, 
GAC, PCA, and CFA in the freeze-dried extract, (mg/g extract) 
were 4.83 ±0.42, 4.00 ±0.07, 0.75 ±0.04, and 0.02 ±0.00, re- 
spectively. The amount of freeze- dried extract/5 g of potato peel 
waste was (0.28 ± 0.01)g. Ghlorogenic acid, GAC, PCA, and 
CFA constituted 62^0%, 27.08%, 833%, and 2.08%, respec- 
tively, of the total phenolic acids from the liquid extract In the 
freeze-dried extract they constituted 5031%, 41.67%, 7.81%, 
and 0.21%, respectively. The percentage of GAC increased by 
about one-third while the percentage of CFA decreased, in the 
freeze dried extract Hie differences in percentages between the 
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liquid and the freeze-dried extracts for both GAC and CFA were 
probably due to degradation of CFA into GAC during freeze*" ^ 
drying. This hypothesis is supported by Gross (1992), who em* ' 
phasized that hydroxybenzoic acids result from the side chain 1 
degradation of cinnamic acids. He suggested that the degradative ; 
sequence reactions for CFA occurs as CFA-^PCA-»GAC 

Stability of the freeze-dried extract t . 

HPLC analysis of an aliquot of EXT was conducted on day'i 
0. The CGA, GAC, PCA, and CFA of the EXT on day 0 were- 
4.89 ±058. 4.49 ±0.23, 0.79 ±0.09, and 0.03 ±0.01 mg/g ex- 
tract Chromatographic analysis of stored samples over a 15-day J 
period on aliquots of EXT showed four phenolic acids CGA,> 
GAC, PCA, and CFA. Concentrations of these acids in samples i 
stored at 4°C and 25°C did not differ from day 0 to day 15^ 
(P>0.05). However, when the stability of potato peel waste liq^J 
uid extracts stored at 25°C had been determined (Rodriguez de < 
Sotillo et at, 1994) differences occurred in the concentrations ? 
of phenolic acids after the first day of storage. 

. -Wis 

Antioxidant activity 

The initial PV for freshly extracted SFO on day zero w^f. 
139 ± 0.00 meq/kg oil The PVs of SFO samples contaiiiingi 
200 ppm BHA, ASC, GAC, CGA, EXT, MXT, as well as air; \ 
untreated SFO sample (BLK), after 4 days incubation at 63°C:- 
were 31 Al ±0.12, 10.65 ±0.21, 4153 ± 0.44, 44.29 ±030^ 
3738 ±0.46, 39.17 ±030, and 49.15 ±036, respectively. Hie? 
PVs increased in the order ASC<nSXT<3HA<MXT<GXfcS 
<CGA. : 

A plot of PV vs time was constructed (Fig. 1), and, indicated ; 
that after 4 days, the PV had changed in BLK by >40 meq/Kg^ 
A steady increase in PV occurred with time (Fig. 1). ASC was* 
most effective in retarding the elevation of PV, and was signify - 
icantly different (P<0.05) from the other antioxidants studied; ■ 
These results agreed with those of Cort, (1974) who reported ; 
that ASC had a better protective activity than BHA at levels, of 
100 ppm in soybean oil using the Schaal Oven M thod Test' 
(Eastman Chemical Products, 1987). : >*3J 

The PVs of SFO samples stored 4 days at 63°C containing. 
EXT were not significantly different (P>0.05) from those stored 
under the same conditions containing BHA. Thus the antioxit 
dant eCgciency of EXT was about equivalent to that of BHA. 
Cuvelier et al. (1992) reported a comparative study of antioxi- 
dant efficiency of some acid phenols including CGA, GAC, 
PCA, CPA, as well as BHA. They found the antioxidant activity 
in methyl linoleate to be G AO CFA>PCA>BHA>CG A 
However, in our investigation, the antioxidant activity of BHA 
was greater than both CGA and GAC. This difference may have 
been due to differences in solubility of GAC and BHA in the 
different oil substrates used. 

The least antioxidant activity was observed with CGA and 
GAC and MXT, which simulated EXT, was third best The EXT 
may have contained substances which not identified which were 
antioxidants or acted as synergists to increase the effectiveness 
of EXT as an antioxidant 

The best antioxidant activity was with ASC This may have 
been due to its increased solubility in SFO, to the ability of ASC 
to act as reducing agent or oxygen scavenger, or possibly the 
ability to act in combination with tocopherols in the SFO. Gor- 
don (1990) reported that ASC acts by decomposing lipid per- 
oxidation products into non-radicals. Its marked antioxidant 
activity may be due to its efficiency in regenerating tocopherol 
by reducing the tocopheroxyl radical. 

The solubilities f the antioxidants varied, and this may in 
part, account for differences in peroxide values. 

The usefulness of EXT as an antioxidant, would depend on 
its solubility. Phenolics have low solubility in oils which may 
be a disadvantage. However, the antioxidant activity of cinnamic 
acids can also be explained by their ability to accept free radi- 



1032-^JOURNAL OF FOOD SCIENCE— Volume 59, No. 5, 1994 



=r- -■relation properties, and eilecU^MSSaeainRt ™«; 
"i ^tur,.rt reaction^ Two or more extracted components may 
. "*SKS> prSSanltioxidant effect. The antioxidant activ- 
f> ?SSKpS freeze-dried extract probably occurs by sev- 
meSan?sm of action. Thus, low solubility would not 
geS pSd? t^e extract's potential as an antioxtdant. 



CONCLUSION 

impounds m P btat6 tuoers of different culUvars. 
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